Introduction {#sec1-0300060518776067}
============

The incidence of osteoporosis has increased with the advent of an aging society. Osteoporotic vertebral compression fracture (VCF) is one of the major complications of osteoporosis,^[@bibr1-0300060518776067],[@bibr2-0300060518776067]^ with an estimated prevalence of vertebral fractures of approximately 16% to 21% in different regions of the world.^[@bibr3-0300060518776067][@bibr4-0300060518776067]--[@bibr5-0300060518776067]^ Vertebral compression fractures cause severe pain, depression, a long-term stay in bed, functional deterioration, and limited mobility. However, approximately one third of osteoporotic VCFs receive clinical attention.^[@bibr1-0300060518776067]^ These fractures are frequently undetected, unless kyphosis or height loss is present. In all populations, the prevalence of vertebral fractures increases with age, and can exceed 50% in women aged 85 years and older.^[@bibr6-0300060518776067]^ Previous studies have shown a different prevalence of vertebral fractures because of differences in their approaches for choosing samples of the population and the methods used for diagnosing vertebral fractures. Although comparing the prevalence of vertebral fractures in various regions of the world is difficult, most studies have shown that the prevalence of vertebral fractures significantly increases with age.^[@bibr7-0300060518776067],[@bibr8-0300060518776067]^ Postmenopausal women, who have certain medical conditions, such as rheumatoid arthritis and type 2 diabetes (T2DM),^[@bibr9-0300060518776067],[@bibr10-0300060518776067]^ and medications such as glucocorticoids and immunosuppressive agents, have been suggested as risk factors for osteoporotic fractures. The most widely accepted strongest risk factors for osteoporotic fractures are advanced age and bone mineral density (BMD).^[@bibr9-0300060518776067],[@bibr11-0300060518776067]^ For advanced age,^[@bibr7-0300060518776067],[@bibr8-0300060518776067]^ the 10-year probability of developing a vertebral fracture radiographically increases from 3% at the age of 50 years to 8% at the age of 85 years.^[@bibr12-0300060518776067]^ With regard to the risk factor of low BMD,^[@bibr8-0300060518776067],[@bibr13-0300060518776067]^ one third of vertebral fractures are due to the presence of a previous vertebral fracture.^[@bibr14-0300060518776067],[@bibr15-0300060518776067]^ BMD is also predictive of future VCFs, as well as nonspinal fractures, independently of other risk factors in men.^[@bibr16-0300060518776067]^ Additionally, physical quality of life, body mass index (BMI), and a history of a fragility fracture are important risk factors that are associated with incident vertebral and nonvertebral fractures.^[@bibr17-0300060518776067]^

Lumbar spondylolisthesis is a common indication for spinal surgery worldwide. This condition is most often observed in the lumbar spine at the L4/L5 level. The prevalence of lumbar spondylolisthesis has been estimated to be approximately 4% to 8% in the general population by some authors.^[@bibr18-0300060518776067],[@bibr19-0300060518776067]^ Lumbar spondylolisthesis is defined as disk and facet degeneration that results in slipping of one vertebral body over the underlying vertebra. Patients with spondylolisthesis may be asymptomatic in the early stage. Furthermore, different treatment plans are selected for different disease periods. Accordingly, early detection of spondylolisthesis has become an important clinical task. Spondylolisthesis often results in low back and leg pain related to spinal stenosis. Clinically, patients with lumbar spondylolisthesis and vertebral fractures are not uncommon.

However, few studies have investigated the use of lumbar spondylolisthesis (L4 or L5) for patients with osteoporosis. The association between spondylolisthesis and other risk factors for osteoporotic vertebral fractures has not been extensively investigated. Therefore, this study retrospectively analysed the relation of spondylolisthesis with vertebral fractures to reduce the risk of vertebral fractures in patients with osteoporosis.

Materials and methods {#sec2-0300060518776067}
=====================

A total of 864 patients with osteopenia or osteoporosis were enrolled in a retrospective study from February 2010 to June 2016. The flow chart of the study population is shown in [Figure 1](#fig1-0300060518776067){ref-type="fig"}. In accordance with the World Health Organization, BMD was evaluated as osteopenia depending on T-scores (T-scores ≤--1). Patients with diseases, such as a pathological fracture, high-energy direct injury to the thoracic or lumbar vertebrae, and severe spinal deformity, were excluded. Inclusion criteria were as follows: (1) back pain related to the location of osteoporotic VCFs on radiography; (2) bone marrow oedema on magnetic resonance imaging T2-weighted short-tau inversion recovery sequences in the corresponding collapsed vertebral body ([Figure 2](#fig2-0300060518776067){ref-type="fig"}); (3) simple osteoporotic VCF detected using X-ray film, BMD, and magnetic resonance imaging; and (4) only thoracolumbar (T10--L2) compression fractures. Spondylolisthesis was diagnosed by lateral lumbar X-ray, and it was limited to spondylolisthesis (L4 or L5) of degrees I to II ([Figure 2](#fig2-0300060518776067){ref-type="fig"}). The BMI was calculated as the weight in kilograms divided by the square of the height in meters (kg/m^2^). BMD was measured at the lumbar spine or femoral neck of patients. Additionally, the percentage of slipping of one vertebral body over the underlying vertebra was calculated and scored as follows: Grade 1, 0% to 25%; Grade 2, 26% to 50%; Grade 3, 51% to 75%; Grade 4, 76% to 99%; and spondylolisthesis, more than 99%. BMD measurement was usually manually performed by radiologists. The participants completed questionnaires via interview regarding demographics (age, sex, and BMI), BMD and fracture segment, diabetes, history of trauma, previous history of vertebral fracture, and spondylolisthesis (Grade 1 or spondyloptosis). The 864 patients were divided into the following two groups to identify risk factors: those with vertebral fracture (288 patients) and those with no vertebral fracture (576 patients).

![Flow chart of the study population](10.1177_0300060518776067-fig1){#fig1-0300060518776067}

![A 59-year-old woman with lumbar spondylolisthesis with vertebral compression fractures](10.1177_0300060518776067-fig2){#fig2-0300060518776067}

The study was approved by the Ethics Committee of the Third Hospital of Heibei Medical University in China. All participants gave their informed consent to assess and use their data. The methods were conducted in accordance with the approved guidelines.

Statistical analysis {#sec3-0300060518776067}
--------------------

Patients aged between 55 and 85 years were eligible for this study. BMD at the lumbar spine and femoral neck was evaluated and categorized as osteopenia or osteoporosis depending on T-scores. The BMI was divided into three groups: underweight (\<18.5 kg/m^2^), normal (18.5--24.9 kg/m^2^), and overweight (≥25 kg/m^2^). The trauma status was divided into the presence or absence of low-energy forces. The comorbidity status was divided into the presence or absence of diabetes. The chi-square test and logistic regression analysis were used to evaluate the association between risk factors and prevalent vertebral fractures, and factors with *P* \< 0.05 were used in multiple logistic regression analysis. IBM SPSS Statistics, Version 21.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis and a *P* value \< 0.05 was considered significant.

Results {#sec4-0300060518776067}
=======

The data of 864 subjects were analysed. We found that 6.9% of the patients had spondylolisthesis. Spondylolisthesis accounted for 4.2% of patients without vertebral fractures, and spondylolisthesis with vertebral fractures accounted for 9.7% of patients. The chi-square test showed no significant differences in age, sex, BMI, T2DM, previous history of VCFs, and trivial trauma between the two groups with and without vertebral fractures ([Table 1](#table1-0300060518776067){ref-type="table"}). Significant differences were observed in spondylolisthesis and BMD between the two groups (both *P* \< 0.05) ([Table 1](#table1-0300060518776067){ref-type="table"}). Univariate analysis showed significant differences in spondylolisthesis (OR = 1.831, *P* = 0.025) and BMD (OR = 1.663, *P* = 0.001) between the two groups with and without VCFs ([Table 2](#table2-0300060518776067){ref-type="table"}). In multivariate analysis, spondylolisthesis (OR = 1.819, *P* = 0.027) and BMD (OR = 1.658, *P* = 0.001) were significantly associated ([Table 3](#table3-0300060518776067){ref-type="table"}). Logistic regression analysis showed that spondylolisthesis and BMD were risk factors for VCFs.

###### 

Comparisons of age, sex, BMI, BMD, DM, trauma, spondylolisthesis, and a previous history of vertebral fracture between those with VCFs and those without VCFs

![](10.1177_0300060518776067-table1)

  Variable                                 Total         VCF   No VCF   χ^2^ value   *P* value
  ---------------------------------------- ------------- ----- -------- ------------ -----------
  Age (years)                                                           0.871        0.647
   55--65                                  137 (15.8%)   41    96                    
   66--75                                  277 (32.1%)   95    182                   
   76--85                                  450 (52.1%)   152   298                   
  Sex                                                                   2.623        0.105
   Male                                    174 (20.1%)   67    107                   
   Female                                  690 (79.9%)   221   469                   
  BMI (kg/m^2^)                                                         1.135        0.567
   \<18.5                                  110 (12.7%)   38    72                    
   18.5--24.9                              400 (46.3%)   126   274                   
   ≥25                                     354 (41.0%)   124   230                   
  BMD\*                                                                 10.466       0.001\*
   −2.5--1.0                               351 (40.6%)   99    138                   
   \<−2.5                                  485 (56.1%)   189   438                   
  DM                                                                                 
   Yes                                     99 (11.5%)    27    72                    
   No                                      755 (88.5%)   261   494      2.085        0.149
  Previous history of vertebral fracture                                0.245        0.621
   Yes                                     34 (3.9%)     10    24                    
   No                                      830 (96.1)    278   552                   
  Spondylolisthesis^\*^                                                 5.158        0.023\*
   Yes                                     60 (6.9%)     28    32                    
   No                                      804 (93.1%)   260   544                   
  Trauma                                                                1.227        0.268
   Yes (trivial)                           676 (78.2%)   219   457                   
   No                                      188 (21.8%)   69    119                   

Group comparisons were performed with the chi-square test. \**P* \< 0.05.

BMI, body mass index; DM, diabetes mellitus; BMD, bone mineral density; VCF, vertebral compression fracture.

###### 

Risk factors for vertebral compression fractures in univariate analysis

![](10.1177_0300060518776067-table2)

  Variable            *P*     Odds ratio   95% confidence interval for EXP(B)
  ------------------- ------- ------------ ------------------------------------
  BMD                 0.001   1.663        1.220--2.265
  Spondylolisthesis   0.025   1.831        1.079--3.105

EXP(B), exponentiation of the B coefficient; BMD, bone mineral density.

###### 

Risk factors for vertebral compression fractures in multiple logistic regression analysis

![](10.1177_0300060518776067-table3)

  Variable            *P*     Odds ratio   95% confidence interval for EXP(B)
  ------------------- ------- ------------ ------------------------------------
  BMD                 0.001   1.658        1.216--2.262
  Spondylolisthesis   0.027   1.819        1.069--3.096

EXP(B), exponentiation of the B coefficient; BMD, bone mineral density.

Discussion {#sec5-0300060518776067}
==========

The most important finding of this study was the significant association between VCFs and spondylolisthesis in older patients. Patients whose vertebral body slipped over the underlying vertebra were at increased risk of vertebral fractures compared with patients without spondylolisthesis after osteoporosis.

Advancing age has been found to be a risk factor of vertebral fractures.^[@bibr7-0300060518776067],[@bibr8-0300060518776067]^ Although a previous study^[@bibr20-0300060518776067]^ showed that a history of fractures, T2DM, and age were associated with a higher risk of vertebral fracture, our study showed that some risk factors, such as T2DM, a history of fractures, and trivial trauma, had little or no influence on vertebral fractures. As expected, compared with the osteopenia (BMD) status, the presence of osteoporosis remarkably increased the probability of vertebral fractures in subjects whose BMD data were available. Low BMD is a primary risk factor of vertebral fractures.^[@bibr8-0300060518776067],[@bibr13-0300060518776067]^ Generally, the risk of fracture approximately doubles for each standard deviation below the mean young adult BMD (or for each --1 decrease in the T-score), regardless of fracture type and BMD measurement site.^[@bibr21-0300060518776067]^ BMD and prevalent vertebral fractures are strong, complementary predictors of the vertebral fracture risk. Other studies have suggested that BMD is implicated in VCFs. However, Gourlay et al.^[@bibr22-0300060518776067]^ found that the risk of major osteoporotic fractures was relatively low, unless patients had osteoporosis on their first BMD test, and they were unlikely to benefit from BMD rescreening before the age of 65 years.

Vertebral fractures comprise the majority of osteoporotic fractures. In our study, a low BMD alone was an unreliable predictor of VCFs in patients,^[@bibr23-0300060518776067]^ although BMD levels were similar to or even higher than those in subjects with no fractures. This suggested that other factors moderated the risk of fracture. Further, spondylolisthesis was a significant risk factor for vertebral fractures ([Figure 2](#fig2-0300060518776067){ref-type="fig"}). Two main reasons might explain this relationship between spondylolisthesis and vertebral fractures. First, spondylolisthesis might be associated with curvature of the spine, such as increased lumbar lordosis or thoracic kyphosis. Kyphosis of the thoracic spine is an independent risk factor for vertebral osteoporotic fractures.^[@bibr24-0300060518776067]^ Kyphosis posture and age could lead to a sagittal balance of the spine,^[@bibr25-0300060518776067]^ leading to falls and VCFs. Previous studies have shown that kyphosis could adversely affect physical function,^[@bibr26-0300060518776067]^ and poor physical function is also a well-known risk factor for falls. Additionally, these studies included neurophysiological properties, such as trunk muscle activation (which might increase spinal load) and compromised balance (which might increase the falls risk).^[@bibr27-0300060518776067]^ However, Grade 1 or spondylolisthesis is less associated with balance deficits. Second, recent evidence suggests that an increase in sagittal curvature is a significant and independent predictor of fractures.^[@bibr24-0300060518776067]^ Previous studies showed that pelvic parameters were involved in compensatory mechanisms.^[@bibr28-0300060518776067]^ Spondylolisthesis may affect sagittal curvature or spinal sagittal balance, but this possibility needs to be confirmed in future studies. A previous study showed a decrease in lumbar lordosis in older osteoporotic women compared with controls, although this difference was not significant.^[@bibr29-0300060518776067]^ Further studies analysing the increase in lumbar lordosis are warranted. The primary outcome in this study was that spondylolisthesis was a significant risk factor for VCFs. This observation has the clinical implication that special attention should be paid to older patients with lumbar spondylolisthesis.

Despite the advantages of a large, prospective observational cohort study in a single institution, the present study has some limitations. First, previous studies showed that the shape of prevalent fractures was important in predicting incident vertebral fractures.^[@bibr30-0300060518776067]^ However, in our study, some of the data gathered from the interviews were dependent on patients recalling their disease history because most of the data were retrospectively recorded in a database. Second, some factors might have contributed to outcomes not accounted for in this analysis, such as smoking.

In conclusion, most vertebral fractures are not recognized clinically. Low bone density increases the risk of future vertebral fractures. Older patients with spondylolisthesis are at a higher risk compared with those without spondylolisthesis. Special attention should be paid to older patients with lumbar spondylolisthesis to prevent the growing problem of osteoporosis in Asia.
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